Molecular basis of NMDA receptor functional diversity.
NMDA receptors (NMDARs) form glutamate-gated ion channels widely expressed in the central nervous system and highly permeable to calcium ions. NMDARs have always attracted much attention because of their central implications in numerous physiological and pathological processes including synaptic plasticity and excitotoxicity. Ever since the discovery of NMDARs three decades ago, it has been acknowledged that native NMDARs do not form a homogeneous population of receptors but rather exist as multiple subpopulations that differ in their functional properties and, presumably, physiopathological roles. NMDARs are in fact large multi-subunit complexes arranged into heteromeric assemblies composed of four homologous subunits within a repertoire of over 10 different subunits: eight GluN1 isoforms, four GluN2 subunits (A-D) and two GluN3 subunits (A and B). This review gives an overview of our current knowledge of the molecular basis underlying NMDAR functional heterogeneity. The modular architecture and expression profile of NMDAR subunits together with the basic principles of NMDAR operation are first introduced. The influence of subunit composition on receptor functional properties is then described, with emphasis put on the impact of differential incorporation of GluN1 and GluN2 subunits (the roles of GluN3 subunits being less well understood). The final part presents recent studies revealing the central, and largely unsuspected, role of the extracellular N-terminal region in generating functional diversity of NMDARs. Indeed, the identity of this region, which is distal to the membrane and precedes the agonist-binding domains, determines key biophysical and pharmacological attributes of the various NMDAR subtypes.